Reply to `Comment on `High-Precision Determination of the Electric and Magnetic Form Factors of the Proton'' by Bernauer, J. C. et al.
Bernauer et al. Reply: The criticism of our results in the
preceding Comment [1] is based on the ‘‘modern and
complete calculations’’ of the Coulomb correction of
Sick and Trautmann [2] going back to the work of Lewis
published in 1956 [3]. This calculation is done in ‘‘second
Born approximation,’’ i.e., two-photon exchange (TPE)
without intermediate excited states. The integral describing
the TPE has been evaluated numerically [4] and it is
apparently this code on which Arrington’s Coulomb cor-
rections are based.
In order to quantify the influence of TPE on our results
we have chosen the modern analytical integration by
Borisyuk and Kobushkin (Ref. [6] of the Comment) lend-
ing itself to an easy calculation. Figure 1 shows Fig. 1 of
the Comment overlayed with these calculations for the
same Q2. It demonstrates the variance of TPE calculations
also indicated by a remark in the caption of this figure in
the Comment. All calculations go to the same curve in the
limit Q2 ! 0 given by Eq. (1) of the Comment.
The uncertainty is also demonstrated in Fig. 2 of Ref. [5]
showing five theoretical calculations of TPE, which are
mutually inconsistent, with all but one disagreeing with the
null experimental TPE effect at Q2 ¼ 2:5 ðGeV=cÞ2.
Though that work concerns polarization variables and
not a Rosenbluth separation, the diagrams of TPE are
based on QED and have to be valid for both.
All this is not surprising since the unconstrained part of
the TPE amplitude resulting from the off-shell internal
structure of the nucleon does cause considerable variance
at present among the different TPE calculations. Such
calculations require knowledge beyond on-shell form fac-
tors, and imply as well dispersion effects resulting from the
excitation spectrum of the nucleon.
Nevertheless, we have applied the calculation of
Borisyuk and Kobushkin to our data and refitted.
Figure 2 shows the ratio of the electric over the magnetic
form factors pGE=GM with the spline ansatz. We also
determined the radii with all models for GE and GM as in
our Letter. The averaged result changes hr2i1=2 without !
with TPE correction:
hr2Ei1=2 ¼ 0:879ð8Þ ! 0:876ð8Þ fm;
hr2Mi1=2 ¼ 0:777ð17Þ ! 0:803ð17Þ fm:
We wrote in our Letter: These radii have to be taken with
the applied corrections in mind. While the effect of the
Coulomb correction used is compatible with other studies
(see references in our Letter) a more sophisticated theo-
retical calculation may affect the results slightly.
Finally, the statements about our systematic errors are
wrong. The statistical contributions to the point-to-point
systematic errors are shown to be Gaussian and are there-
fore taken together with the statistical counting error (inner-
most error band in our Letter). The systematic uncertainties
due to the angular dependences are linearly added to this
statistical error and shown by the second band. For the
outermost band the Coulomb correction has been varied
by50%. For details see Ref. [8] of the Comment.
In summary, the criticism of the Comment neglects the
uncertainty of the TPE corrections and exaggerates the
quantitative effect at small Q2. We hold that we are well
advised to apply only the Coulomb correction of the unique
limit at Q2 ¼ 0. In the detailed follow-up paper we intend
to present the experimental effect of TPE in a way making
a comparison to theoretical calculations possible without
reanalysis of the data.
We are indebted to Marc Vanderhaeghen for advising us
on TPE corrections.
J. C. Bernauer,1,* P. Achenbach,1 C. Ayerbe Gayoso,1
R. Bo¨hm,1 D. Bosnar,2 L. Debenjak,3 M.O. Distler,1,†
L. Doria,1 A. Esser,1 H. Fonvieille,4 J.M. Friedrich,5
J. Friedrich,1 M. Go´mez Rodrı´guez de la Paz,1
M. Makek,2 H. Merkel,1 D.G. Middleton,1 U. Mu¨ller,1
L. Nungesser,1 J. Pochodzalla,1 M. Potokar,3
S. Sa´nchez Majos,1 B. S. Schlimme,1 S. Sˇirca,6,3
Th. Walcher,1 and M. Weinriefer1
(A1 Collaboration)
1Institut fu¨r Kernphysik, Johannes Gutenberg-Universita¨t
Mainz, 55099 Mainz, Germany
2Department of Physics, University of Zagreb, 10002 Zagreb,
Croatia
3Jozˇef Stefan Institute, Ljubljana, Slovenia
4LPC-Clermont, Universite´ Blaise Pascal, CNRS/IN2P3,
F-63177 Aubie`re Cedex, France
5Physik-Department, Technische Universita¨t Mu¨nchen, 85748
Garching, Germany
6Department of Physics, University of Ljubljana, Slovenia
FIG. 1 (color online). Comparison of Coulomb corrections.
FIG. 2. pGE=GM with Coulomb correction as published
(solid), with TPE according to Borisyuk and Kobushkin
(dashed).
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